ABSTRACT. The Dashwoods microcontinent is an important tectonic segment in
each of which has experienced a distinct history. In the western Newfoundland Appalachians, the Notre Dame subzone (Williams and others, 1988) consists of several tectonic segments ( fig. 1 ) that are linked together by their Laurentian affinity and an Ordovician tectono-magmatic event (van Staal, 2007) .
The Dashwoods subzone, previously referred to as the Tonalite Terrane (Whalen and Currie, 1983) or Central Gneiss Terrane (Piasecki, 1988; , represents the southern part of the Notre Dame subzone ( fig. 1 inset) . It is characterized by the ample presence of metasedimentary rocks, which are scarce in the van Staal, 2007) . Inset shows the tectono-stratigraphic division of the Newfoundland Appalachians and the position of the Dashwoods subzone (modified after Williams and others, 1988). northern Notre Dame subzone ( fig. 1) , and the absence of Early Ordovician oceanic arc rocks, which are present throughout the northern Notre Dame subzone. The Dashwoods subzone has been interpreted as representing a microcontinent (Waldron and van Staal, 2001) , which formed the basement to an extensive continental arc (Notre Dame Arc; Whalen and others, 1997 ) that was intermittently active from Early Ordovician to Early Silurian (489 -435 Ma; Whalen and others, 1997; van Staal and others, 2007) . Collision of Dashwoods with the Laurentian margin during the Middle to Late Ordovician (Taconic orogeny) resulted in regional deformation and highgrade metamorphism, and was followed by late syn-to post-kinematic magmatism and rapid uplift in the Early Silurian (Pehrsson and others, 2003; Whalen and others, 2006) .
In order to understand the mosaic of tectonic segments in a mountain belt, it is important to understand the kinematics of boundaries between individual segments. The boundaries of the Dashwoods subzone are all fault zones. The histories of the eastern boundaries of Dashwoods are well documented: The Annieopsquatch Accretionary Tract was accreted to the Dashwoods subzone along the Lloyds River Fault Zone (LRF in fig. 1 ) in Middle Ordovician (468 -459 Ma; Lissenberg and others, 2005) , and the Cape Ray Fault (CRF in fig. 1 ) has recorded late Silurian to early Devonian (Acadian) overthrusting of the Dashwoods subzone by high-grade metamorphic rocks of the Gander Zone (Dubé and others, 1996) . The northern boundary, the Little Grand Lake Fault (LGLF; fig. 1 ), is characterized by a marked change in metamorphic grade and has recorded high-angle south-over-north thrusting (Whalen and others, 1993; Piasecki, 1995; Brem and others, 2003) . The age of deformation was interpreted as being Middle Ordovician, based on crosscutting relationships, petrographic observations, and regional correlations (Whalen and others, 1993; Piasecki, 1995) , but no precise geochronological constraints exist. To the west Dashwoods is separated from the (internal) Humber Zone along the Baie Verte Brompton LineCabot Fault Zone (BCZ; fig. 1 ). The BCZ is a crustal-scale tectonic boundary with a long-lived and complex kinematic history (Wilson, 1962; Hyde and others, 1988; Piasecki and others, 1990; Goodwin and Williams, 1990; van der Velden and others, 2004) . Contradicting ductile senses of shear have been reported for the BCZ, and the ages of these ductile movements are poorly constrained. Also, younger (DevonianCarboniferous) brittle-ductile and brittle movements in the BCZ have overprinted and partly obliterated pre-existing deformation features. Hence, no clear consensus exists on the pre-Devonian tectonic history of the BCZ in southwest Newfoundland.
In order to better understand the tectonic history of the Dashwoods microcontinent and its associated sediments and arc plutons in the Appalachian mountain belt, we attempt to improve the understanding of the kinematic history of its northern (LGLF) and western (BCZ) boundaries. We have conducted detailed field studies and thin section analysis to constrain the kinematics of deformation, and we have used U-Pb (ID-TIMS and SHRIMP) and 40 Ar/ 39 Ar geochronology on selected samples to constrain the timing of deformation. Our results show that the western, northern and eastern boundaries of Dashwoods were active in Late Ordovician time, but the movements along these tectonic boundaries are difficult to reconcile kinematically with one another. We elaborate on a possible explanation of the latter. We also elaborate on the possible link of the Dashwoods microcontinent with nearby basement inliers.
geologic setting

Dashwoods Subzone -the Dashwoods Microcontinent
The northern and central-western parts of the Dashwoods subzone, which are the focus of our study (figs. 1 and 2), are dominated by clastic metasediments correlated with those of the Mischief Mélange further to the south (Hall and van Staal, 1999) , and tentatively correlated with the Fleur de Lys Supergroup in the internal Humber Zone (Hibbard, 1983; . They include stromatic to nebulitic migmatites, meta-psammitic schist and gneiss, and rare marble and conglomerate layers. Most units contain sillimanite, biotite, muscovite, garnet, and/or hornblende suggestive of medium-to-high grade amphibolite facies metamorphism. However, they also contain retrograde chlorite. Throughout the area, metamorphosed mélange contains various mafic and ultramafic inclusions, which include amphibolite (disrupted mafic dikes?), serpentinized dunite, pyroxenite and gabbro, most of which had been altered prior to incorporation into the mélange (Fox and van Berkel, 1988) . The ultramafic inclusions are interpreted as disrupted ophiolitic fragments, and are probably related to the Long Range Mafic-Ultramafic Complex of the southern Dashwoods subzone (Hall and van Staal, 1999) .
The metasediments and mélange units have been intruded by voluminous tonalite and granodiorite plutons assigned to the Notre Dame Arc (Whalen and others, 1997) , which range in age between 489 to 477 Ma (first phase) and 469 to 459 Ma (second phase) (van Staal and others, 2007; and references therein) . These plutons are strongly foliated to non-foliated and most contain xenoliths of (metamorphosed) mafic to ultramafic composition, including amphibolite, gabbro and pyroxenite. In various places, magma mingling of leucocrate granitoid and mafic compositions has occurred (Brem and others, 2003; Pehrsson and others, 2003) . On a local, outcrop scale, granodiorite sills are interlayered with the gneissose meta-sediments. Various pegmatite and aplite dikes are present, most of which apparently cut the gneissic fabric, although at least some of these dikes have been caught up in the deformation.
Several plutons of the Notre Dame Arc have yielded xenocrystic components of Mesoproterozoic (1300 -1650 Ma; for example Dunning and others, 1989; Dubé and others, 1996) and Paleoproterozoic age (circa 2090 Ma; Whalen and others, 1987) . Additionally, strongly negative Nd isotopic evidence suggests that the Notre Dame Arc plutons were founded on a continental basement (Whalen and others, 1997) . This basement was interpreted to be a microcontinent of Laurentian affinity instead of the leading edge of Laurentia, based on the observation that Dashwoods was obducted by an oceanic tract (the Lush's Bight Oceanic Tract; fig. 1 ) approximately 20 million years before tectonic loading affected the external Humber Zone (Waldron and van Staal, 2001; van Staal and others, 2007) .
Regional deformation and peak metamorphism under amphibolite to lower granulite facies conditions in the Dashwoods subzone are Middle Ordovician (circa 460 Ma; for example Dunning and others, 1989; Currie and others, 1992; Pehrsson and others, 2003) . This dynamo-thermal event is related to the collision of Dashwoods with the Laurentian margin (van Staal and others, 2007) .
Northwestern Notre Dame Subzone -the Baie Verte Oceanic Tract
Rocks immediately north of the LGLF ( fig. 1) are part of the Glover Group and consist of mafic (pillow basalts) to silicic (felsic tuffs and rhyolite flows) volcanics, high-level mafic intrusive rocks (mainly gabbro), and sparse sedimentary rocks, including graptolite-bearing Arenig shales (Williams, 1992) . These rocks overlie gabbro, trondhjemite, serpentinized peridotites and other mafic to ultramafic rocks of the Glover Island complex (circa 490 Ma; Cawood and van Gool, 1998) . This complex is interpreted as representing oceanic crust of the Baie Verte Oceanic Tract (van Staal, 2007) that formed in the Humber Seaway, the narrow seaway between the Humber margin and the Dashwoods microcontinent (Waldron and van Staal, 2001 ). Subsequently, the Baie Verte Oceanic Tract formed the basement to an Early Ordovician oceanic arc / back arc complex (Bédard and others, 2000) , which includes the Glover Group.
Regional deformation and (sub-) greenschist metamorphism of these rocks occurred before the Early Silurian (Cawood and van Gool, 1998) . They were subsequently intruded by latest Ordovician to Early Silurian granodiorite plutons (for example 440 Ma Glover Island granodiorite; Cawood and van Gool, 1998 ), and voluminous high-level peralkaline granites (for example 427 -429 Ma Topsails Igneous suite; Whalen and others, 1987) .
In fact, throughout the Notre Dame subzone (including the Dashwoods subzone), latest Ordovician to Early Silurian plutons of felsic (granodiorite to granite) and mafic compositions (gabbro to quartz diorite, diabase) are exposed (figs. 1 and 2; Whalen and others, 2006; and references therein) . In outcrop, these units are commonly undeformed and unmetamorphosed (for example, circa 431 Ma Main Gut gabbro; Dunning and others, 1989) . Some intrusions truncate the strong regional fabric developed in the metasediments of the Dashwoods as well as plutons of earlier phases of the Notre Dame Arc.
(Internal) Humber Zone -Humber Margin of the Laurentian Continent
The units west of the BCZ form part of the Humber Zone, which is interpreted as the Laurentian margin (Williams, 1995) . The Humber Zone was divided into an external and an internal zone based on a difference in metamorphic grade and style of deformation ( fig. 1 ; Cawood and others, 1994) . In southwestern Newfoundland, the internal Humber Zone is characterized by a Proterozoic (?) anorthosite complex that is structurally overlain by Late Neoproterozoic crystalline basement and associatedmainly clastic -metasediments. Regional deformation and peak metamorphism (up to amphibolite facies conditions) of the latter units occurred in the Early Silurian (circa 430 Ma; Salinic orogeny; Cawood and others, 1994) , 30 million years after peak metamorphism and deformation in the Dashwoods subzone. Evidence for large-scale Ordovician (Taconic) deformation, metamorphism and plutonism in the internal Humber Zone is absent (Brem, 2007) . However, some Taconic influence is expected, since the stratigraphic record in the external Humber Zone clearly suggests that the Humber margin was being loaded in the Middle Ordovician (Williams, 1995) . The difference in age and style of deformation and metamorphism between the Dashwoods subzone and internal Humber Zone shows that these segments were not juxtaposed until after the Early Silurian (Cawood and van Gool, 1998; Brem, 2007) . 
BCZ -Western Dashwoods Subzone Boundary
General.-In southwestern Newfoundland the Carboniferous Cabot Fault Zone (Wilson, 1962) coincides with the Ordovician Baie Verte Brompton Line (Williams and St-Julien, 1982) and separates the Dashwoods subzone of the western Dunnage Zone from the Humber Zone (BCZ in fig. 1 ; Williams and St-Julien, 1982; Williams, 1995) ; hence the BCZ is a long-lived crustal-scale tectonic zone with a very complex kinematic history (Wilson, 1962; Hyde and others, 1988; Goodwin and Williams, 1990; Brem and others, 2002; van der Velden and others, 2004) . In southwestern Newfoundland, the BCZ is also referred to as the Long Range Fault (for example Piasecki and others, 1990; . The generally wide tectonic zone consists of anastomosing ductile and brittle-ductile shear zones that are crosscut and overprinted by intense high-level brittle-ductile and brittle structures. As a result, most pre-existing ductile deformation features have been obliterated. Moreover, rocks caught up in the BCZ have been deformed to the extent that in most places positive identification of a protolith is not possible. However, the brittle overprint is concentrated in a narrow zone along the present-day Humber Zone -Dunnage Zone boundary ( fig. 2) , and the older ductile fabrics away from this zone are relatively undisturbed.
Internal geometry and kinematics of the BCZ.-The western part of the Dashwoods subzone is characterized by gneissic to migmatitic metasediments and variably foliated igneous units. The gneissic foliation and localized high-strain zones are steeply dipping and generally strike NE (orogen parallel), but deviations from this direction to northerly and easterly strikes occur ( fig. 3A ). In the gneissic rocks, the foliation is planar and defined by quartz-feldspar plates and biotite and/or hornblenderich layers. In areas of lower strain, where individual marble and conglomerate layers could be identified, the foliation has developed parallel to sedimentary layering. In migmatites and high-strain zones, the foliation is commonly curvi-planar and irregular ( fig. 4A ).
Stretching lineations, defined by elongate quartz-feldspar aggregates, and mineral lineations defined by biotite and/or hornblende, vary in orientation, but dominantly plunge moderately to steeply towards the southwest ( fig. 3B ). Shear-sense indicators, such as sheath folds ( fig. 4A ), winged objects ( fig. 4B ), and S-C structures (Passchier and Trouw, 1996) associated with these lineations indicate a prominent dip-slip to oblique-dextral and southeast-side-down movement. This dextral sense of shear is corroborated by Z-folds related to open-to-tight asymmetric folding of the mylonitic foliation ( fig. 3C) . Thus, the Dashwoods subzone moved down and towards the southwest (in present-day reference frame) with respect to the rocks of the adjacent Humber Zone.
Sinistral shear-sense indicators have also been observed, but these are relatively rare, and less pronounced than the dextral shear-sense indicators. Lineations associ- ated with the sinistral shear-sense indicators plunge moderately towards the west, whereas the dominant dextral lineations plunge towards the southwest ( fig. 3B ). Sinistral movement may have post-dated the main dextral shearing, as observed in one outcrop, where a pegmatite dike that truncates the gneissosity was sinistrally offset. This interpretation agrees with the one made by Piasecki (1988) . Our preferred interpretation is that sinistral shearing was synchronous with the predominant dextral shearing. Jiang and White (1995; Case III) demonstrated that within a host shear zone, such as the BCZ, locally induced spin may have been strong enough to induce a sense of non-coaxiality, which resulted in antithetic (here sinistral) shear fabrics that are at low angle to the main dextral shear zone.
Syn-kinematic pegmatite dikes.-As described above, the dominant sense of shear observed along the western boundary of the Dashwoods subzone is oblique-dextral. At an outcrop in close proximity to the BCZ (location 2 in fig. 2B ) the mylonitic foliation was truncated by a conjugate set of pink pegmatite dikes ( fig. 5A ). The pegmatite dike that is anti-clockwise from the foliation is stretched and boudinaged, whereas the dike oriented clockwise from the foliation is shortened and folded. Such geometry is indicative of a dextral sense of shear (fig. 5A inset). The dikes intruded the mylonitic foliation either in between two deformational phases (inter-kinematic), or during the latest increments of continuous deformation (late syn-kinematic). Also at the outcrop, several lithologically similar pegmatite dikes truncate the mylonitic foliation but appear undeformed. If these undeformed pegmatite dikes were emplaced at the same time as the deformed dikes, it can be concluded that deformation occurred during pegmatite emplacement. Since deformation of the paragneisses appears to be relatively homogeneous, the deformed pegmatite dikes are interpreted to have intruded during the latest stages of progressive deformation (syn-tectonic). Either way, these deformed dikes constrain the minimum age on the main phase of ductile deformation in the BCZ. The folded pegmatite dike ( fig. 5A ) was sampled for U-Pb TIMS geochronology (see below).
LGLF -Northern Dashwoods Subzone Boundary General.-The Little Grand Lake Fault (LGLF) is an east-west trending narrow belt of ductile shear zones that marks a distinct metamorphic break between the low-grade volcanics to the north and the high-grade meta-sediments to the south ( fig. 2A ), although this jump in metamorphic grade is absent east of Little Grand Lake (Piasecki and others, 1990; Whalen and others, 1993; Brem and others, 2003) . Previously, the LGLF was interpreted to have experienced two deformational events (Piasecki, 1995) . However, our work shows that later brittle deformation on low-angle north-dipping thrust planes is merely spatially coincident with part of the trace of the LGLF and is not developed in the LGLF itself. We therefore conclude that the LGLF only experienced one deformational event.
The eastern continuation of the LGLF east of Little Grand Lake is not well constrained. The LGLF was previously thought to curve anti-clockwise towards the Lloyds River Fault Zone ( fig. 1 ; 'A' in fig. 2A ; Brem and others, 2003) . Recently, van Staal and others (2007) proposed that the LGLF takes a northward swing immediately east of Little Grand Lake and appears to hook up with the Green Bay Fault on the north coast of Newfoundland, thereby separating the Baie Verte Oceanic Tract from the Dashwoods subzone -Notre Dame Arc ( fig. 1 ; 'B' in fig.  2A ). Due to lack of outcrop east of the Little Grand Lake and overprinting by younger intrusive units, such as the Topsails Igneous Suite, these hypotheses cannot easily be tested. Towards the west, the LGLF is truncated by the BCZ and hence, its continuation west of this lineament could not be established (figs. 1 and 2A).
Internal geometry and kinematics of the LGLF.-The LGLF is best observed in granitoid rocks at the eastern end of Little Grand Lake ( fig. 2A ; Whalen and others, 1993; Brem and others, 2003) , where several strands of the LGLF are exposed, the main strand (at least 40 m wide) being closest to the lake. Towards the south away from the main strand, mylonitic shear zones become sparser and narrower. The shearrelated foliation on all strands is steeply south-dipping to vertical ( fig. 3D ). Mineral lineations, defined by muscovite grains, and stretching lineations, defined by quartzfeldspar aggregates, plunge down dip on the main strand, but towards the south, away from the main shear zone, these plunge shallowly towards the east ( fig. 2A inset and  fig. 3E ).
Shear-sense indicators associated with these fabrics include S-C fabrics, shear bands, bookshelf-stacking and winged objects ( fig. 5B ; Passchier and Trouw, 1996) , and consistently show a reverse to dextral-reverse, south-side up movement. This sense of shear corroborates the observations and interpretation by Whalen and others (1993) and Piasecki (1995) , and facilitates the juxtaposition of the high-grade amphibolite facies Dashwoods metasedimentary rocks to the south with greenschist facies volcanic rocks of the Glover Group to the north of the fault. Fault motion thus at least in part must have occurred post peak metamorphism in the Dashwoods metasedimentary rocks.
Microscopic observations and temperature condition of deformation.-The muscovite grains, which define the mylonitic foliation, are both deformed (kinked, bent and fractured) as well as undeformed ( fig. 5B ), suggesting that muscovite growth was predominantly syn-kinematic, but that some grains may be remnant pre-kinematic grains. In thin section, subgrain domains and undulose extinction characterize the quartz aggregates. These aggregates are surrounded by numerous small, dynamically recrystallized quartz grains giving the fabric a seriate-interlobate texture (page 46 in Passchier and Trouw, 1996) . Feldspar grains are of variable composition, and form characteristic porphyroclasts ( fig. 5B ) of various sizes, and are commonly internally fractured. Different intracrystalline deformation features have developed in feldspar grains, including undulose extinction, kinks and deformation twins in plagioclase, and perthite exsolution structures in K-feldspar. More importantly, a core-mantle texture defined by subgrain rotation and small, recrystallized feldspars arond larger feldspar clasts is common throughout the thin section (Regime 2 of Hirth and Tullis, 1992) . Dynamic recrystallization of quartz may start at temperatures above 300°C (Passchier and Trouw, 1996; Hirth and others, 2001 ), but recrystallization of feldspar starts to become important at low-to-medium grade conditions (Ͼ350°C; Pryer, 1993; Passchier and Trouw, 1996) . This would suggest that deformation on the LGLF occurred at greenschist facies conditions or higher, that is probably at temperature conditions near or above the muscovite closure temperature for argon (circa 350°C; McDougall and Harrison, 1999) . Ar geochronology. Detailed descriptions of the analytical procedures can be found in the Appendix. Single whole grain zircon and monazite U-Pb analyses were performed at the Jack Satterly Laboratory, University of Toronto (formerly at the Royal Ontario Museum). Standard mineral separation techniques were followed, including methods described by Krogh, 1973 Krogh, , 1982 . Data were calculated, regressed and plotted using in-house software (UtilAge by D. W. Davis) with regression based on Davis (1982) . Results are presented in table 1 and in figures 6 and 7A. U-Pb SHRIMP II analyses were conducted at the Geological Survey of Canada (GSC) in Ottawa using analytical procedures described by Stern (1997) , with standards and U-Pb calibration methods following Stern and Amelin (2003) . Results are presented in table 2 and in figure 7B, using Isoplot v. 2.49 (Ludwig, 2001) . Laser 40 Ar/ 39 Ar step-heating analyses were also performed at the GSC. Data collection protocols of Villeneuve and MacIntyre (1997) and Villeneuve and others (2000) were followed. Error analysis procedures are outlined in Roddick (1988) and Scaillet (2000) . Results are presented in table 3 and figures 7C and 7D. All age errors are given at the 95 percent confidence interval.
Sample Description and Results
Muscovite granite .-This K-feldspar-rich, schistose muscovite granite is exposed as a small body in a gully west of Little Grand Lake. None of its contacts are exposed, but these are assumed to be tectonic given its position within the cataclastic zone of the BCZ ( fig. 2A) . Previously, this unit was interpreted to be part of a muscovite-bearing phase of the Late Neoproterozoic Hare Hill Complex of the Humber Zone , but given its unique lithology, we tentatively assign this unit to the Dashwoods subzone.
Ample zircon was obtained from this sample, and two distinct populations were observed: a population of well-rounded brownish grains with pitted surfaces; and a euhedral population of variable morphology, from slender elongate and prismatic grains to short stubby grains and fragments, most of which contain round or rodshaped inclusions. Five fractions of zircon grains were analyzed, yielding various 207 Pb/ 206 Pb ages between 1128 and 1191 Ma (euhedral population) and one older age of 1462 Ma (grain A3; rounded population; table 1; fig. 6A ). Back-scattered SEMimaging shows that zircon grains from the euhedral population have small overgrowths of the Dashwoods microcontinent, West Newfoundland Pb that is due to common Pb, calculated using the 204 Pb-method; common Pb composition used is the surface blank 1 204-corrected ages (Stern, 1997) around their cores ( fig. 8A ). Since all analyzed grains had been abraded, such minor overgrowth could easily have been removed during the abrasion process, thereby exposing the cores. Therefore, the U-Pb zircon ages are most likely to represent ages of xenocrysts.
A few good-quality monazite grains were obtained from the sample. These grains are subhedral, clear to yellowish, and some grains have an orange (iron oxide?) coating on their surfaces. Four single monazite grains yielded data that are highly discordant (10.7 and 19.2%; grains A7 and A8), slightly discordant (-0.4% ; grain A6), as well as negatively discordant (-11.5% ; grain A9 U age error, but this lower intercept age is assumed to be fairly accurate, given the near-concordant position (-0.4%) and small error on the 206 Pb/ 238 U age of grain A6. Back-scattered SEM-imaging shows that most of the monazite grains are heterogeneous, having a complex core and a featureless gray rim (figs. 8B and 8C).
The schistose granite shows a complex U-Pb history and different explanations for the U-Pb ages are possible. Based on regional correlation, our preferred hypothesis is (Roddick, 1983) All uncertainties quoted at 2 level; UTM measurements are in NAD-27 coordinates that the lower intercept of circa 459 Ma represents the age of emplacement of the granite. The upper intercept of circa 1047 Ma would indicate that the average age of the inherited monazite grains is Grenvillian. Also, all zircon ages can be interpreted as Mesoproterozoic inheritance and the minor overgrowths are most likely Ordovician in age and magmatic in origin. An alternative interpretation is that the concordant zircon grains around 1130 Ma (grains A1, A2 and A4) represent the age of emplacement of the granite. The monazite discordia line would represent two distinct metamorphic events: a subsequent Grenvillian and an Ordovician event. In this scenario, the zircon overgrowths can be interpreted as being metamorphic or hydrothermal.
There is no irrefutable evidence to support either interpretation, but the important conclusion that can be drawn from the complex U-Pb ages of this schistose granite is that it has recorded at least one Grenvillian and an Ordovician dynamo-thermal event. The interpretation of this granite is even more complicated by the fact that a fourth monazite grain (grain A9; table 1) is concordant within error but gives a younger 206 Pb/ 238 U age of 414 Ϯ 3 Ma. This may reflect lead-loss or monazite growth related to movement in the BCZ after emplacement of the granite.
Late syn-tectonic pegmatite dike ).-A sample was taken from the folded, late syn-tectonic pegmatite dike described above ( fig. 5A ), in order to constrain the age of medium-to high-grade deformation in the BCZ (fig. 2B ). The sample yielded a small number of zircon grains, which predominantly have a stubby morphology. The grains are colorless to slightly brownish and have few inclusions. All five analyzed zircon grains define a best-fit regression line (42% probability of fit; fig. 6C ) with a lower intercept of 455 Ϯ 12 Ma and an upper intercept of 1039 Ϯ 12 Ma. The lower intercept is interpreted as the age of intrusion of the pegmatite. Moreover, it constrains the minimum age of the main phase of high-grade deformation along the BCZ to be Middle to Late Ordovician (Taconic). Unfortunately, the error on the lower intercept is rather large, because the analyses have limited spread and plot near the middle of the discordia line. The upper intercept shows that the inherited grains in the pegmatite are Mesoproterozoic (Grenvillian) in age.
Tectonized tonalite ).-In the southwestern part of our study area, a tonalite with a strong gneissic fabric is exposed (fig. 2B ). The tonalite contains mafic and ultramafic xenoliths of variable size and shape, some of which contain a preincorporation fabric. The strong tectonic fabric in the tonalite suggests that significant deformation occurred after emplacement of the tonalite. A sample was taken from a relatively homogenous and xenolith-free section of the outcrop.
The sample contains abundant zircons, which were divided into two populations: a euhedral elongate and a multifaceted ovoid population. Zircon grains of the former population are of simple morphology, variable size, elongate, and clear. Most grains contain small melt inclusions, which, when present, are located in the central part of the grains. Some grains have visible cores and associated overgrowths. Back-scattered SEM-imaging of a random population of zircon from the sample shows that most grains have clear subdomains of cores and overgrowths. The cores are characterized by oscillatory zoning and the wide rims, which generally have euhedral crystal faces, occasionally show a faint zoning pattern. Some boundaries between the cores and overgrowths are very irregular, which is indicative of resorption ( fig. 8D ). Based on the morphology of most zircon grains from both populations, heterogeneity within the grains was expected. Three single zircon grains were analyzed: two from the elongate population (grains C15 and C16), and one from the multi-facetted population (grain C17; table 1). In addition, one zircon fragment (grain C20) was analyzed, and two analyses were done on tips of grains (grains C18 and C19), which were carefully detached from their respective cores. When constructing a mixing line using all six analyses, the analyses lie scattered, half way between the lower and upper intercept of a discordia line (443 Ϯ 20 and 1017 Ϯ 11 Ma intercepts), but probability of fit is very low. Analyses of the two tips and the fragment actually yielded the oldest 207 Pb/ 206 Pb ages (table 1) . A best-fit regression line that fits four of the data within error (grains C16 to C19) yields an upper intercept of 1044 Ϯ 14 Ma and a lower intercept of 458 Ϯ 20 Ma (56% probability of fit; fig. 6D ). The large errors on both intercepts prevent a precise interpretation of the age of emplacement of the tonalite, but the data show that the tonalite was emplaced in the Middle to Late Ordovician. The upper intercept shows that there is an important xenocrystic Grenvillian component that is very similar to the previously discussed samples (circa 1.04 Ga).
Foliated granodiorite sheet (AB-02-229
).-A sample was taken from a foliated granodiorite sheet that is interlayered on a meter-to decameter-scale with strongly deformed mélange metasediments (figs. 2B and 4B). The coarser-grained and xenolith-free granodiorite has a weak foliation, in contrast with the strongly deformed and heterogeneous paragneiss, which may indicate that the granodiorite intruded syn-or intertectonically. Associated sheath folds ( fig. 4A ) and winged objects ( fig. 4B ) indicate oblique-dextral deformation. Locally, the granodiorite is observed to have commingled with a more mafic magma (diorite).
Two populations of zircon grains were identified in the sample: a population of ovoid, multi-facetted zircons, and a population of large elongate, needle-like zircon grains. The elongate zircon grains are clear, contain some melt inclusions, and are of simple morphology. The grains of the multi-facetted population are of various sizes, stubby in shape, inclusions are absent, and some grains show visible overgrowth. Based on morphology, grains of the former population are interpreted as having formed in the parent magma, whereas the grains of the multi-facetted population would most likely contain inherited cores with younger overgrowth (similar to samples AB-02-213 and AB-02-293). Three zircon grains were analyzed, two of the elongate morphology (grains D21 and D22; table 1), and one of the multi-facetted population (grain D23; U ages. Therefore, the average age of 445.8 Ϯ 0.6 Ma (52% probability of fit; fig. 6E ) for the foliated granodiorite is based on the 206 Pb/ 238 U age and is interpreted to be the age of emplacement of the granodiorite.
Mylonitic muscovite granite, Little Grand Lake Fault .-In order to obtain the age of deformation on the LGLF, a sample from the main strand of the LGLF at the southeastern end of Little Grand Lake was collected ( fig. 2A) . The protolith in which the shear zone has developed, is a plagioclase-rich muscovite granite that was emplaced into a metasedimentary unit. The sample has a strong mylonitic fabric. Both U-Pb (ID-TIMS and SHRIMP) and 40 Ar/
39
Ar analyses were performed ( fig. 7 ). U-Pb Geochronology: The sample yielded abundant zircons, most of which are multifaceted and euhedral. Zircon grains are clear, stubby, sometimes distinctly bipyramidal, and some grains contain opaque and melt inclusions. Overgrowths, especially on the larger grains, are commonly visible under a binocular microscope.
Initial U-Pb TIMS analyses of two zircon grains ( Pb ages ( fig. 7A) . A mixing line based on these analyses has a Late Ordovician lower intercept and a Mesoproterozoic upper intercept, indicative of heterogeneity within the zircon grains. Cores are overgrown by bright rims that are characterized by magmatic oscillatory zoning, which are clearly apparent in back-scattered SEM-images (figs. 8E and 8F). Consequently, in-situ analyses of the overgrowths were undertaken on SHRIMP. Eight of the analyses were pooled and a Concordia age of 463 Ϯ 5 Ma (92% probability of fit; MSWD ϭ 0.33; fig. 7B fig. 7B inset), which is interpreted as an inherited age based on the abundance of heterogeneous grains in this sample. The age (circa 1.0 Ga) is again similar to the age of inheritance of other samples in this study. All fractions have high uranium content (532 -1425 ppm) and Th/U ratios vary between 0.06 and 0.68 (table 2). The date of 463 Ϯ 5 Ma is interpreted as the age of emplacement of the muscovite granite protolith.
40
Ar/
39
Ar Geochronology: Two separate analyses on muscovite separates from the mylonitic muscovite granite sample were completed. The first analysis was comprised of two aliquots (table 3, fig. 7C ). The first aliquot analyzed has quite a bit of scatter (aliquot A; table 3) and all of the steps are radiogenic. The scatter most likely indicates the presence of some sort of contaminant degassing, perhaps K-feldspar inclusions in the muscovite. The second aliquot (aliquot B; table 3) reveals the presence of excess Ar in the first 2 steps; however, it yields a well-defined plateau, comprising 68 percent of the total gas and defining the age of the aliquot to be 440 Ϯ 4 Ma (table 3, fig. 7C ). As the two aliquots from the first analysis were not in agreement, further analysis of muscovite from this sample was undertaken. A second analysis of muscovite yielded a well-defined plateau age, comprising 95 percent of total gas emitted (table 3, fig. 7D ) and defining the age of the sample at 445 Ϯ 3 Ma. These 40 Ar/ 39 Ar cooling ages (aliquots B and C) are within error.
The temperature condition under which the mylonitic fabric has formed (see discussion above) was above or near the muscovite closure temperature for argon (circa 350°C; McDougall and Harrison, 1999) . Therefore the muscovite ages represent either the age at which this mylonitic rock cooled below 350°C, or the actual crystallization age of muscovite and hence the age of deformation on the LGLF. Thus, south-side-up deformation on the LGLF is constrained to have occurred between late Middle Ordovician and the earliest Silurian, between 463 Ϯ 5 Ma and 440 Ϯ 4 Ma. However, considering that most of the motion on the LGLF took place after peak metamorphism in the Dashwoods block (see above), which lasted no later than circa 456 Ma (van Staal and others, 2007) we interpret the muscovite to have predominantly grown during retrograde conditions. Hence, the motion along the LGLF mainly took place during the latest Ordovician to earliest Silurian (450 -440 Ma).
interpretation and discussion
Ordovician Plutonism in the Dashwoods Subzone
Except for the foliated granodiorite sheet (AB-02-229), all samples yielded late Mesoproterozoic upper intercepts (circa 1.04 Ga) as well as Ordovician lower intercepts (circa 0.45 Ga), but unfortunately each sample has a relatively large error on both intercepts. When combining the analyses of these four samples (AB-01-029, AB-01-104, AB-02-213, and ID-TIMS analyses of AB-02-293), a mixing line can be constructed based on 3 monazite (grains A6 to A8) and 11 zircon data (grains B10 to B14, C16 to C19, and E24 and E25; table 1; fig. 6F ), yielding an upper intercept of 1038 Ϯ 6 Ma, and a lower intercept of 453 Ϯ 6 Ma (85% probability of fit).
This diagram demonstrates the regional importance of the late Middle to Late Ordovician magmatic event -the voluminous second phase of the Notre Dame Arc (van Staal, 2007) -that has affected the Dashwoods subzone. This magmatic event is coeval with regional deformation in the Dashwoods subzone and has been interpreted to represent the collision of Dashwoods with the Laurentian margin (van Staal and others, 2007) . Additionally, the diagram demonstrates the regional development of a source of Grenvillian affinity to the Dashwoods subzone, which is important for paleogeographical reconstructions (see discussion below). Last of all, the diagram also demonstrates that, based on its U-Pb ages, the schistose muscovite granite (AB-01-029) exposed in the cataclastic zone of the BCZ has a closer relationship with Dashwoods subzone units than with the Neoproterozoic Hare Hill Complex of the internal Humber Zone , and therefore the schistose granite is assigned to the Dashwoods subzone.
Oblique-Dextral Deformation Along the BCZ
In Late Ordovician time (circa 455 Ma) the western boundary of the Dashwoods subzone experienced oblique-dextral deformation under medium-to high-grade conditions, as exemplified by the syn-tectonic pegmatite dike (AB-01-104). Similar observations have been made along the Humber Zone -Dunnage Zone boundary throughout the northern Appalachians. In the Three Pond area of the Dashwoods subzone (15 km northeast of fig. 2B ), a belt of anastomosing shear zones, which are spatially related to (ultra) mafic lenses in the metasediments, is exposed. These N-S striking high-strain zones have a predominant dextral sense of shear, were demonstrated to post-date peak regional metamorphism and migmatization (circa 460 Ma; Piasecki, 1988) , and were inferred to be pre-Silurian (Piasecki, 1995) . In the Baie Verte peninsula in northern Newfoundland, the Baie Verte Brompton Line (BBL in fig. 1 ) has registered a complex deformation history that includes ductile transcurrent (both dextral and sinistral), and dip-slip movements (Hibbard, 1983; Goodwin and Williams, 1990; Piasecki, 1995) . No direct geochronological ages have been associated with these of the Dashwoods microcontinent, West Newfoundland deformational phases, but it was postulated that two ductile dextral strike-slip motions have occurred, the younger of which is associated with greenschist facies deformation and is younger than Early Silurian (Goodwin and Williams, 1996) . The older dextral movement in the Baie Verte Brompton Line is most likely Middle to Late Ordovician and related to the Taconic orogeny (conform Williams and St-Julien, 1982) . To the south in the Québec Appalachians, the Shickshock Sud fault zone, a fault system spatially associated with the BCZ, has also been shown to accommodate oblique-dextral movement during the Late Ordovician (454 -456 Ma; Sacks and others, 2004) . Thus late Middle to Late Ordovician (oblique-) dextral deformation along the Laurentian (Humber) margin has been recognized throughout the northern Appalachians.
The 445.8 Ϯ 0.6 Ma latest Ordovician granodiorite sheet (AB-02-229) in the western Dashwoods subzone is similar in age and composition to the circa 449 Ma Pin pluton (Hall and van Staal, 1999) in the southern Dashwoods subzone, and the circa 440 Ma Glover Island and Burlington granodiorite bodies in the northern Notre Dame subzone (Cawood and van Gool, 1998) . This geographically widespread group of granitoid bodies represents the third phase of the Notre Dame Arc (see fig. 2 in van Staal, 2007) , which is interpreted to post-date the Taconic orogeny (sensu van Staal and others, 2007) . The granodiorite sheet has also been affected by oblique-dextral deformation, and therefore the Late Ordovician deformation in the BCZ continued (possibly intermittently) into the Early Silurian with a similar sense of shear along its boundary. This also implies that oblique-dextral deformation along the western boundary of Dashwoods under medium-to high-grade conditions is not restricted to the Taconic orogeny, but continued after the main collision of Dashwoods with the Laurentian margin. Post-collisional movements along the boundaries of individual tectonic segments, especially lateral movements along crustal-scale boundaries such as the BCZ, are to be expected in a southwest Pacific Ocean type tectonic setting (van Staal and others, 1998) .
Regional Tectonic Setting and the LGLF
The late Middle to Late Ordovician oblique-dextral movement along the western boundary of Dashwoods is contemporaneous with oblique-sinistral accretion of the Annieopsquatch Accretionary Tract along its eastern margin (Lissenberg and others, 2005; Zagorevski and others, 2006) . However, it is unlikely that these motions were coupled dynamically, since both of them are related to different convergence systems (Waldron and van Staal, 2001; Zagorevski and others, 2006) . This implies that during the late Middle to Late Ordovician, the Dashwoods microcontinent moved in a southerly direction with respect to Laurentia to the west and the then-present Iapetus Ocean to the east ( fig. 9) .
Deformation on the LGLF is probably late Ordovician to earliest Silurian in age (450 -440 Ma) suggesting that the dextral-reverse movement along the LGLF is contemporaneous with the Late Ordovician deformation in the BCZ. If the oceanic Snooks Arm arc and the continental Notre Dame Arc formed part of the same continuous arc system, comparable to the present-day Banda and Sunda arc system in Indonesia (van Staal, 2007) , the Snooks Arm arc and its Baie Verte Oceanic Tract infrastructure may have moved independently and faster southwards than the Notre Dame Arc with its Dashwoods substrate. Such convergence would have made the LGLF a contractional bend in an overall arc-parallel strike-slip fault system ( fig. 9 ). Hence a faster moving Snooks Arm arc could have underthrusted the Dashwoods microcontinent with its Notre Dame Arc suprastructure, juxtaposing the higher-grade rocks of the latter with lower grade volcanic rocks of the Snooks Arm arc.
Inherited Grains and Dashwoods Microcontinent Correlatives
The presence of Late Mesoproterozoic (1030 -1190 Ma; fig. 6 ) inheritance in several igneous rock units of the Dashwoods subzone (tables 1 and 2) has tectonic implications with respect to paleogeographic reconstructions. The fact that a welldefined mixing line can be constructed using the analyses of four different samples ( fig. 6F ) demonstrates the regional presence of a crustal source with a Grenville affinity in the Dashwoods subzone. It is unclear whether the inherited grains from our samples were derived from the crystalline basement to the Dashwoods subzone or its overlying sediments.
In addition to previously recognized Early Mesoproterozoic (1300 -1650 Ma) inherited ages (for example, Dunning and others, 1989; Whalen and others, 1997) , the presence of Grenvillian inherited ages in the Dashwoods subzone strengthens the argument for relating Dashwoods to the Long Range Inlier of northern Newfoundland, where crystalline units of similar ages (1.5 and 1.0 Ga) are exposed ( fig. 1 ; Heaman and others, 2002) . To the west, the Long Range Inlier is tectonically emplaced onto 'its' Cambro-Ordovician passive margin sequence, but along its northern and southern margin the rift-drift clastics and subsequent passive margin carbonates are unconformably overlying the Long Range Inlier (Williams, 1995) . Therefore, the Long Range Inlier cannot represent the Dashwoods microcontinent sensu stricto, but the two crystalline segments appear to have a similar Mesoproterozoic history and hence may have been adjacent to one another prior to rifting, opening of the Humber seaway and departure of Dashwoods.
Our new ages also introduce a possible connection of the Dashwoods subzone with the Blair River Inlier in Cape Breton Island, Nova Scotia. This crystalline complex is composed of various plutonic rocks of Grenvillian age (978 -1080 Ma), and even though no ages older than 1.2 Ga have been identified, Sm-Nd depleted mantle model ages from gneisses in the area suggest the presence of an older Mesoproterozoic component of circa 1.5 Ga (Dickin and Raeside, 1990; Miller and others, 1996) . The Blair River Inlier is generally interpreted, but not definitely confirmed, to be Humber Zone basement. Its isolated position, the absence of overlying Cambro-Ordovician sediments, and its tectonic contact with peri-Gondwanan units allow for different interpretations of its provenance (Miller and others, 1996 ; and references therein). Could it be possible that the Blair River Inlier formed part of the Dashwoods microcontinent? Both segments have been affected by magmatism. However, the Ordovician tectono-magmatic event characteristic of the Dashwoods subzone has not been identified in the Blair River Complex. If the Blair River Inlier indeed formed part of the Dashwoods microcontinent, it is important to explain the absence of this Ordovician tectono-magmatic event. The Blair River Inlier could have been 1) along-strike with the Notre Dame Arc, in a tectonic setting where the subducting crust was situated too shallow or too deep below the overlying crust to allow for arc magmatism to occur (Cross and Pilger, 1982) ; or 2) in front of the Notre Dame Arc (forearc region). In both locations, these segments would not have been affected by Ordovician magmatism. The absence of an Ordovician dynamo-thermal event could have been attained when, for example, the Blair River Inlier was situated either in or in front of a re-entrant, and Dashwoods was opposed to a promontory. In this scenario, the Blair River Inlier would have escaped the (hard) collision that affected the Dashwoods.
Based on the evidence, it is possible that the Blair River Inlier and/or the Long Range Inlier represents Dashwoods basement. However, important queries, including the marked discrepancy in Nd isotopic values between the Dashwoods and the two basement inliers (Whalen and others, 1997) , have to be addressed in order to allow for a positive correlation. 
Appendix analytical techniques
U-Pb ID-TIMS
Single grain zircon and monazite U-Pb ID-TIMS analyses were performed at the Jack Satterly Laboratory, University of Toronto and at the Royal Ontario Museum. Mineral concentrates were prepared using standard methods involving crushing, grinding, a Wilfley TM table, heavy liquids, and the Frantz TM isodynamic separator successively. Grains were examined and handpicked using a binocular microscope. Standard methods of bomb dissolution (for zircon) and U-Pb extraction with HCl in small anion exchange columns were used (Krogh, 1973 (Krogh, , 1982 , although several small zircon grains were analyzed without chemical purification (marked ** in table 1). Selected monazite grains were dissolved in 6N HCl in Savillex TM capsules, and processed with HCl in small anion exchange columns. Pb and U were loaded together with silica gel onto out-gassed rhenium filaments. The isotopic compositions of Pb and U were measured using a single collector Daly detector in a solid source VG354 mass spectrometer. Data were calculated, regressed and plotted using the UTILAge software (D.W. Davis, in-house program) with regression based on Davis (1982) . All age errors quoted in the text and table 1, and error ellipses in the Concordia diagrams, (figs. 6 and 7A) are given at the 95 percent confidence interval.
U-Pb SHRIMP
SHRIMP II analyses were conducted at the Geological Survey of Canada (GSC) using analytical procedures described by Stern (1997) , with standards and U-Pb calibration methods following Stern and Amelin (2003) . Handpicked zircon grains from sample AB-02-293 (z7591) were cast in 2.5 cm diameter epoxy mounts (GSC mount #304) along with fragments of the GSC laboratory standard zircon (z6266, with 206 Pb/ 238 U age ϭ 559 Ma). The midsections of the zircon grains were exposed using 9, 6, and 1 m diamond compound, and the internal features of the zircons were characterized with backscatter electrons (BSE) and cathodo-luminescence (CL) utilizing a Cambridge Instruments scanning electron microscope (SEM). Mount surfaces were evaporatively coated with 10 nm of high purity Au. Analyses were conducted using an 16 O -primary beam, projected onto the zircon grains at 10 kV. The sputtered area used for analysis was circa 12 m in diameter with a beam current of circa 1.3 nA. The count rates of ten isotopes of Zr ϩ , U ϩ , Th ϩ , and Pb ϩ in zircon were sequentially measured over 5 scans with a single electron multiplier and a pulse counting system with deadtime of 35 ns. Off-line data processing was accomplished using customized in-house software. The 1 external error of 206 Pb/ 238 U ratios reported in table 2 incorporate a Ϯ1.0 percent error in calibrating the standard zircon (see Stern and Amelin, 2003) . No fractionation correction was applied to the Pb-isotope data; common Pb correction utilized the measured 204 Pb/ 206 Pb and compositions modeled after 335 of the Dashwoods microcontinent, West Newfoundland Cumming and Richards (1975) . The 206 Pb/ 238 U ages for the analyses have been corrected for common Pb using both the 204-and 207-methods (Stern, 1997) , but there is generally no significant difference in the results (table 2) . Isoplot v. 2.49 (Ludwig, 2001 ) was used to generate a Concordia diagram where the data are plotted with errors at the 2-level ( fig. 7B ). The calculated Concordia age and errors quoted in the text are at 2 with decay constant errors included (Ludwig, 1998 40 Ar/ 39 Ar analysis of muscovite phenocrysts by standard mineral separation techniques, including handpicking of clear, unaltered crystals in the size range 0.5 to 1 mm. Individual mineral separates were loaded into aluminum foil packets along with PP-20 hornblende (Hb3gr equivalent) with an apparent age of 1072 Ma (Roddick, 1983) to act as flux monitor. The sample packets were arranged radially inside an aluminum can. The samples were then irradiated for 70 (aliquots A and B) and 120 (aliquot C) hours at the research reactor of McMaster University in a fast neutron flux of approximately 3x10 16 neutrons/cm 2 . Upon return from the reactor, samples were split into several aliquots and loaded into individual 1.5 mm-diameter holes in a copper planchet. The planchet was then placed in the extraction line and the system evacuated. Heating of individual sample aliquots in steps of increasing temperature was achieved using a Merchantek MIR10 10W CO 2 laser equipped with a 2 mm x 2 mm flat-field lens. The released Ar gas was cleaned over getters for ten minutes, and then analyzed isotopically using the secondary electron multiplier system of a VG3600 gas source mass spectrometer; details of data collection protocols can be found in Villeneuve and MacIntyre (1997) and Villeneuve and others (2000) . Error analysis on individual steps follows numerical error analysis routines outlined in Scaillet (2000) ; error analysis on grouped data follows algebraic methods of Roddick (1988) .
Corrected argon isotopic data are listed in table 3, and presented as spectra of gas release (figs. 7C and 7D; Roddick and others 1980) . Figure 7C represents a gas-release spectrum that contains stepheating data from two aliquots, alternately shaded and normalized to the total volume of 39 Ar released. Such plots provide a visual image of replicated heating profiles and the error and apparent age of each step.
Neutron flux gradients throughout the sample canister were evaluated by analyzing the hornblende flux monitors included with each sample packet and interpolating a linear fit against calculated J-factor and sample position. The error on individual J-factor values is conservatively estimated at Ϯ0.6 percent (2). Because the error associated with the J-factor is systematic and not related to individual analyses, correction for this uncertainty is not applied until calculation of dates from isotopic correlation diagrams (Roddick, 1988) . All errors are quoted at the 2 level of uncertainty.
